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ABSTRACT

Introduction: J-DISCOVER is a prospective,
observational cohort study that aimed to
understand characteristics, glycaemic control,
comorbidities and real-world management of
patients with early-stage type 2 diabetes melli-
tus (T2DM) in Japan, by enrolling patients ini-
tiating second-line treatment from both
diabetes specialist and non-specialist care
settings.
Methods: As part of the global DISCOVER pro-
gramme, J-DISCOVER enrolled 1798 patients
with T2DM aged at least 20 years old from 142
sites across Japan, from September 2014 to

December 2015, and followed these patients for
3 years. Glycaemic control, body mass index
(BMI), blood pressure, lipid profiles, treatment
patterns, and prevalence of CKD and retinopa-
thy were examined from baseline to 6, 12, 24
and 36 months, stratified by class of second-line
treatment.
Results: At baseline, the median time after
T2DM diagnosis was 3.1 years and mean gly-
cated haemoglobin (HbA1c) was 7.7%. The
mean individualized HbA1c target was
6.7 ± 0.5%, and 55.3% of patients were set the
target of\ 7.0%. HbA1c reductions were noted
from 6 months and mean HbA1c was 7.1% at
36 months. The proportion of patients with
HbA1c\ 7.0% increased from 28.8% at baseline
to 53.3% at 36 months, and the achievement
rate of individualized HbA1c targets increased
from 6.1% to 30.3%. Only two cases of severe
hypoglycaemia occurred during the study. No
major changes in BMI, blood pressure, lipid
profile or prescription of antihypertensive or
dyslipidaemia medications were observed. The
frequencies of screening to detect retinopathy
and chronic kidney disease (CKD) were
17.0–21.0% and 14.5–16.0%, respectively, dur-
ing the follow-up period. The prevalence of
CKD, but not retinopathy, increased over the
follow-up period.
Conclusions: This study provided an overview
of the 3-year management of early-stage T2DM
in patients initiating second-line treatment.
Contemporary management improved
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glycaemic control with an acceptable risk–ben-
efit balance, although hurdles remain to suffi-
cient implementation of guideline-
recommended treatments in current clinical
practice.
Trial Registration: ClinicalTrials.gov identifier,
NCT02226822.

Keywords: Antidiabetic drugs; Diabetes
complications; Glycaemic control; Second-line
treatment; Type 2 diabetes mellitus

Key Summary Points

Why carry out this study?

Multifactorial interventions for the
improvement of glycated haemoglobin
(HbA1c), blood pressure and
dyslipidaemia have demonstrated
reductions in the risk of microvascular
and macrovascular complications in
patients with type 2 diabetes mellitus
(T2DM).

In Japan, previous studies reporting on
the real-world management of patients
with T2DM are limited to information up
to 2011 and to patients with a long T2DM
duration who were managed mainly by
diabetologists.

This study aims to describe real-world
T2DM management and outcome in
patients with a short duration of T2DM
(median 3.1 years) who were initiating
second-line treatment for a duration of
3 years until 2018.

What was learned from the study?

The achievement rates of an HbA1c target
of\ 7.0% and individualized HbA1c
targets were 53.3% and 30.3% at
36 months, respectively, with only two
cases of severe hypoglycaemia during the
study period. The frequency of screening
to detect retinopathy and chronic kidney
disease (CKD) remained relatively low
(14.5–21.0%) and the prevalence of CKD
increased over the follow-up period.

The study results highlight achievements
of absolute and individualized HbA1c
targets with few hypoglycaemia events,
and room for improvement with respect
to routinely screening patients for T2DM
complications, and implementation of
guideline-recommended treatment
protocols.

INTRODUCTION

According to estimates by the International
Diabetes Federation (IDF) in 2019, the preva-
lence of diabetes is 9.3% among the global adult
population (463 million individuals aged 20–-
79 years), with type 2 diabetes mellitus (T2DM)
accounting for approximately 90.0% of cases
[1]. The IDF also estimates that 7.4 million
adults in Japan have diabetes, while local survey
data suggest that the number is closer to
9.5 million [2]. Indeed, the burden of diabetes
in Japan is substantial; approximately 71,000
diabetes-related deaths occurred in 2019, and
the estimated healthcare costs were approxi-
mately $23.5 billion [1].

Strict glycaemic control early in the course of
T2DM has been shown to reduce the risk of
microvascular complications compared with
less intensive treatment [3–7]. The United
Kingdom Prospective Diabetes Study (UKPDS)
reported that the incidence of microvascular
complications was reduced when glycated hae-
moglobin (HbA1c) was controlled to approxi-
mately 7.0%, and the American Diabetes
Association (ADA) and the Japan Diabetes
Society (JDS) have set an HbA1c control target
of ‘less than 7.0%’ [6, 8, 9]. At the same time,
treatment guidelines developed by the JDS and
the ADA/European Association for the Study of
Diabetes (EASD) recommend that the general
treatment target for HbA1c should be individ-
ualized according to treatment risks and patient
characteristics [8, 9]. In particular, the JDS
guidelines recommend that HbA1c tar-
gets[ 7.0% may be appropriate for older
patients (including those at risk of cognitive
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decline), patients at higher risk of hypogly-
caemia or with severe complications, and
patients who may not have an effective social
support system [8]. When aiming for eugly-
caemia, the JDS guidelines also recommend an
HbA1c target of \6.0% for patients who can
achieve the target with diet and exercise ther-
apy, or with pharmacotherapy without devel-
oping hypoglycaemia. However, information
on individual HbA1c targets and their achieve-
ment rates is limited.

The DISCOVER study programme and
J-DISCOVER in Japan [10, 11] were set up to
address the knowledge gaps in the management
and clinical outcomes of patients with T2DM.
The overarching aim of the programme was to
describe patient characteristics, evolution of
disease management patterns and clinical out-
comes over 3 years in patients with T2DM who
were initiating a second-line glucose-lowering
therapy in a real-world setting. These patients
were chosen as the focus of the study because of
the diversity of treatment options recom-
mended at this stage of the disease. A better
understanding of practice variations across and
within different countries, and their determi-
nants and associated patient outcomes, is key
for providing effective treatment decisions [10].

Unlike ADA/EASD guidelines, the JDS
guidelines do not specify metformin as the first-
line glucose-lowering agent [3]. Instead, first-
line treatments are to be chosen in light of their
pharmacological and adverse effect profiles, and
depending on the individual patient’s disease
condition [8]. In patients for whom first-line
treatment does not achieve HbA1c targets,
consideration may be given to increasing the
dose of the first-line treatment, switching to a
more potent glucose-lowering agent, or com-
bining the first-line treatment with another
glucose-lowering agent with a different mecha-
nism of action [8]. Observational data on the
treatment of patients with T2DM in Japan are
available from large cohort studies [12, 13].
However, these studies are becoming outdated
owing to the clinical availability of newer oral
antidiabetic drugs, including sodium–glucose
cotransporter 2 inhibitors (SGLT2is). In addi-
tion, the previous studies enrolled patients
exclusively from diabetes specialist settings and,

as a result, many patients included had mid- to
late-stage diabetes with a long disease duration.
Furthermore, most of these studies focused on
first-line treatment, and there has not been
sufficient clinical data to describe real-world
second-line treatment in Japan. Therefore, to
obtain a holistic, up-to-date understanding of
real-world T2DM treatment patterns in Japan,
data from patients in the early stages of T2DM
managed by both diabetes specialists and non-
specialists (e.g. cardiologists, primary care
physicians) are needed.

Here we report the results of the J-DISCOVER
study, which examined real-world treatment
and long-term glucose control, including indi-
vidualized HbA1c targets, of patients with
T2DM who were initiating second-line diabetes
treatment, at both diabetes specialist and non-
specialist sites across Japan, to understand
clinical practice in the early disease stage.

METHODS

Study Design

J-DISCOVER (ClinicalTrials.gov identifier
NCT02226822) was a 3-year, multicentre,
prospective, longitudinal cohort study that
enrolled patients with T2DM, whose diabetes
was inadequately controlled with first-line
treatment and who were initiating second-line
treatment, from 142 sites in Japan. Second-line
treatment was defined as adding or switching to
a second oral or parenteral antidiabetic medi-
cation after first-line oral monotherapy. Defi-
nitions and diagnostic criteria for T2DM,
objectives of J-DISCOVER, and the full inclu-
sion and exclusion criteria for the study have
been reported in detail elsewhere [11, 14].
Standard treatment targets for HbA1c, body
mass index (BMI), systolic blood pressure
(SBP)/diastolic blood pressure (DBP), low-den-
sity lipoprotein (LDL) cholesterol, high-density
lipoprotein (HDL) cholesterol and triglycerides
were based on the JDS guidelines [8].

The study was conducted in accordance with
the International Conference on Harmoniza-
tion of Good Clinical Practice, the Ethical
Guidelines for Epidemiological Research of
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Japan, the ethical standards of the responsible
committee on human experimentation (insti-
tutional and national), and the Helsinki Decla-
ration of 1964, as revised in 2013. This study
was approved by the institutional review com-
mittee of each participating institution
(D1692R0001); a complete list of those review
committees can be found in Table S3 in the
supplementary material. All participants pro-
vided written informed consent.

Data Collection

The methods of data collection have been
published previously [11]. Briefly, data on
demographics (e.g. sex, age, BMI and duration
of T2DM), risk factors (e.g. smoking), vital signs
(e.g. SBP and DBP), T2DM medical and treat-
ment history, complications and concomitant
(non-diabetic/diabetic) medications, and clini-
cal variables (HbA1c and lipid profile) were
collected at baseline (initiation of second-line
treatment) and 6, 12, 24 and 36 months. Indi-
vidualized HbA1c targets were determined on
the basis of individual patient characteristics
(age, disease duration, risk of hypoglycaemia,
support system, comorbidities, etc.) as shared
decisions between physicians and patients at
baseline, as recommended in the Japanese
Clinical Practice guideline [8]. Data on the
prevalence of chronic kidney disease (CKD) and
retinopathy were also collected if available.
Severe hypoglycaemia was defined as an event
requiring external assistance for recovery, such
as check-in with healthcare professionals,
emergency room visit or hospitalization. Mild
hypoglycaemia was defined as when patients
were aware of symptoms such as hand tremors,
palpitations, tachycardia, sweating, and anxi-
ety, and recovered after glucose supplementa-
tion. Data were collected using a standardized
electronic case report form which was com-
pleted by the investigators. All forms were
checked to ensure that there were no missing
data or outliers.

Statistical Analyses

The statistical analyses performed have been
described elsewhere [11]. Demographic vari-
ables (e.g. age, sex), clinical characteristics (e.g.
complications, concomitant medications) and
T2DM treatment patterns were summarized
using standard descriptive statistics. Discrete
(yes/no) variables were calculated as patient
numbers and percentages. For continuous vari-
ables, means [standard deviations (SDs)] and
medians [interquartile ranges (IQRs)] were cal-
culated. Cumulative incidence estimates were
calculated by Kaplan–Meier analysis to examine
the trends in discontinuation rates during the
study. In a post hoc analysis, HbA1c levels of
6%, 7% and 8% were used on the basis of the
treatment goals stated in the Japanese Clinical
Practice guideline [8]. We also adopted HbA1c
6.5%, which is used as a diagnostic criterion for
diabetes mellitus [15].

RESULTS

Participant Flow and Data Availability

From September 2014 to December 2015, 1914
patients were enrolled from 142 sites across
Japan. After the exclusion of 116 patients from
the analysis, owing to the withdrawal of their
consent, meeting the exclusion criteria or the
discretion of the study investigator, 1798 eligi-
ble patients were evaluated in this study. The
follow-up rates at 6, 12, 24 and 36 months were
96.1%, 91.7%, 84.5% and 81.5%, respectively
(Supplemental Fig. S1). The majority of patients
were enrolled from clinics (80.4%), with the
remainder enrolled from hospitals (19.6%).
Most patients received care from endocrinolo-
gists or diabetologists (69.2%), followed by car-
diologists (16.2%), primary care physicians
(13.2%) and nephrologists (0.3%).

Measurements of HbA1c, body weight and
blood pressure were available for more than
90.0% of patients during the 3-year follow-up
period. There were fewer data available on lipid
profiles (HDL and LDL cholesterol, more than
70.0% of patients; total cholesterol, more than
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50.0%; triglycerides, more than 40.0%) and BMI
(more than 60.0%) (Supplemental Fig. S2).

Baseline Patient Characteristics

Baseline data for the patients who were fol-
lowed for the full 3-year study period were not
significantly different from previously pub-
lished data from a patient population with a
2-year follow-up [14]. The mean age of patients
at baseline was 61.6 ± 12.8 years and 61.8% of
patients were male (Supplemental Table S1).
The median duration after diagnosis of T2DM
and after initiation of first-line diabetic treat-
ment was 3.1 (IQR 0.8–7.2) years and 11.0 (IQR
4.0–32.0) months, respectively. The mean
HbA1c value in the overall population was
7.7 ± 1.3%, and 71.2% of patients had an
HbA1c value of C 7.0% (Supplemental
Table S1). The mean individualized HbA1c tar-
get was 6.7 ± 0.5%, and 55.3% had a target of
\7.0% (Fig. 1). Approximately half of patients
(47.8%) were in the target BMI range (C 18.5
and\ 25 kg/m2; Supplemental Table S1). Mean
blood pressure values were 131.5 ± 15.7 mmHg
for SBP and 76.8 ± 11.4 mmHg for DBP. Mean
serum lipid values were 113.9 ± 31.2 mg/dL for
LDL cholesterol, 53.7 ± 17.3 mg/dL for HDL

cholesterol and 160.5 ± 157.0 mg/dL for
triglycerides.

The most frequently prescribed classes of
first-line treatment were dipeptidyl peptidase 4
inhibitors (DPP4is; 53.8% of patients) and
biguanides (21.4%) (Supplemental Table S2).
These were also the most frequently prescribed
second-line treatments, being prescribed to
31.0% and 28.0% of patients, respectively. In
patients with individualized HbA1c targets of
C 7.0%, sulfonylureas (SUs), glinides and insu-
lin were the most frequently prescribed of the
medication classes available for second-line
treatment (Fig. 1).

Glycaemic Control

HbA1c Change over 36 Months After Second-
Line Initiation
In total, 48.2% of patients had changed medi-
cations at least once in the 36 months after
starting second-line treatment (Supplemental
Fig. S3). The rate of second-line treatment dis-
continuation at 36 months was lowest for
DPP4is (40.6%), followed by SGLT2is (45.2%)
and biguanides (47.9%). Mean HbA1c values in
the overall population had decreased from
7.7 ± 1.3% at baseline to 6.9 ± 0.9% at
6 months, and were sustained at that level

Fig. 1 Distribution of individualized HbA1c targets at
baseline. n denotes the number of patients who have
relevant data available. a-GI alpha-glucosidase inhibitor,
BG biguanide, DPP4i dipeptidyl peptidase 4 inhibitor,

GLP-1RA glucagon-like peptide 1 receptor agonist,
HbA1c glycated haemoglobin, SGLT2i sodium–glucose
cotransporter 2 inhibitor, SU sulfonylurea, TZD
thiazolidinedione
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thereafter (7.0 ± 0.9% at 12 months,
7.0 ± 1.0% at 24 months and 7.1 ± 1.0% at
36 months) (Fig. 2). Similar patterns of mean
HbA1c change over time were observed for most
classes of second-line treatment except insulin
and SUs. Mean HbA1c values for insulin and
SUs decreased from 11.7 ± 2.0% and
8.3 ± 1.5% at baseline to 6.8 ± 1.0% and
7.0 ± 0.9% at 6 months, respectively, and
increased to 7.8 ± 1.4% and 7.5 ± 1.3% at
36 months, respectively.

Achievement Rate of HbA1c Targets
The proportion of patients in whom an HbA1c
value of \ 7.0% was achieved increased from
28.8% at baseline to 53.3% at 36 months
(Fig. 3A); the highest achievement rate over this
period was observed for thiazolidinedione
(64.9%), followed by alpha-glucosidase inhi-
bitor (61.5%), and the lowest achievement rate
was observed for insulin (22.2%), followed by
SUs (36.4%). The mean baseline HbA1c value
for patients prescribed second-line insulin or
SUs was considerably higher (11.7 ± 2.0% or
8.3 ± 1.5%, respectively) than for patients pre-
scribed other classes of second-line treatment
(7.3–7.8%; Fig. 2).

The overall proportion of patients achieving
individualized HbA1c targets increased from
6.1% at baseline to 30.3% at 36 months, with
the highest achievement rate observed in

patients who initiated second-line glinides
(43.9%), followed by glucagon-like peptide 1
receptor agonists (GLP-1RAs; 40.0%; Fig. 3B).
Mild hypoglycaemic events were reported in
1.2%, 0.6%, 0.5% and 0.3% of the patients at 6,
12, 24 and 36 months, respectively (Table 1).
There were two cases of severe hypoglycaemia
during the study period.

Control of BMI, Blood Pressure and Lipids

The mean BMI was 25.5 ± 4.6 kg/m2 at baseline
and had not changed at the 36-month follow-
up (Supplemental Fig. S4). Mean SBP
(131.5 ± 15.7 mmHg) also did not change from
baseline (Supplemental Fig. S5). Small numeri-
cal decreases from baseline in DBP, LDL
cholesterol and triglycerides, and a small
increase from baseline in HDL cholesterol were
observed over the 36-month study period
(Supplemental Figs. S6–S9). The proportion of
patients for whom BMI, blood pressure and
lipid profile targets were achieved did not vary
substantially during the study (Supplemental
Fig. S10). There were no major changes in the
percentages of patients prescribed antihyper-
tensive and dyslipidaemia medications during
the 36-month follow-up (Supplemental
Fig. S11). At the end of the study period, 53.2%
of patients were taking an antihypertensive

Fig. 2 Mean HbA1c by second-line treatment. Whiskers
represent standard deviations. n denotes the number of
patients who have relevant data available. a-GI alpha-
glucosidase inhibitor, BG biguanide, DPP4i dipeptidyl

peptidase 4 inhibitor, GLP-1RA glucagon-like peptide 1
receptor agonist, HbA1c glycated haemoglobin, SGLT2i
sodium–glucose cotransporter 2 inhibitor, SU sulfony-
lurea, TZD thiazolidinedione
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medication, most frequently angiotensin II
receptor blockers and calcium channel blockers.
Lipid-lowering agents (mainly statins) were
taken by 48.3% of patients.

Prevalence of CKD and Retinopathy

The proportions of patients who had available
screening data for CKD and retinopathy were
almost constant during the study period. Qual-
itative proteinuria data and serum creatinine
were reported for 75.8–77.3% and 71.4–72.8%
of patients, respectively, while urine albumin-
to-creatinine ratio (UACR) data were reported
for only 14.5–16.0% of patients during the

follow-up period (Fig. 4). The proportion of
patients with an ophthalmologist consultation
for retinopathy was 17.0–21.0% (Fig. 4). The
changes in prevalence of CKD and retinopathy
during the study period are shown in Table 1.
The prevalence of CKD was 14.0% at baseline
and increased to 21.5% at 36 months, while the
prevalence of retinopathy did not change sub-
stantially during the follow-up period (7.6% at
baseline and 8.0% at 36 months). The distribu-
tion of patient proportions across CKD stages
changed minimally over 36 months.

Fig. 3 Proportions of patients who achieved
A HbA1c\ 7.0% and B individualized targets. n denotes
the number of patients who have relevant data available. a-
GI alpha-glucosidase inhibitor, BG biguanide, DPP4i

dipeptidyl peptidase 4 inhibitor, GLP-1RA glucagon-like
peptide 1 receptor agonist, HbA1c glycated haemoglobin,
SGLT2i sodium–glucose cotransporter 2 inhibitor, SU
sulfonylurea, TZD thiazolidinedione
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DISCUSSION

The aim of J-DISCOVER was to obtain a com-
prehensive and up-to-date picture of T2DM care
in Japan. In contrast to previous observational
studies, J-DISCOVER (and its global counter-
part) included patients with relatively early-

stage T2DM who were initiating second-line
treatment, and recruited patients receiving care
from both diabetologists and other specialists,
such as cardiologists and primary care physi-
cians. In J-DISCOVER, the majority of patients
(80.4%) were enrolled at clinics and the median
duration of time post-diagnosis with T2DM was

Table 1 Occurrence of hypoglycaemic events and prevalence of CKD and retinopathy during the follow-up period

Baseline 6 months 12 months 24 months 36 months

Number of patients who have relevant data available 1798 1713 1629 1502 1450

Severe hypoglycaemic events since last visit, n (%) N/A 1 (0.1) 0 (0.0) 1 (0.1) 0 (0.0)

Mild hypoglycaemic events in the past 4 weeks, n (%) 18 (1.0) 20 (1.2) 9 (0.6) 7 (0.5) 4 (0.3)

Number of patients who have relevant data available 1798 1713 1629 1503 1450

CKD

Present, n (%) 251 (14.0) 252 (14.7) 271 (16.6) 279 (18.6) 312 (21.5)

[ 60 mL/min/1.73 m2, n (%) 90 (5.0) 64 (3.7) 58 (3.6) 47 (3.1) 68 (4.7)

30–60 mL/min/1.73 m2, n (%) 70 (3.9) 59 (3.4) 54 (3.3) 61 (4.1) 77 (5.3)

15–29 mL/min/1.73 m2, n (%) 24 (1.3) 8 (0.5) 4 (0.2) 4 (0.3) 6 (0.4)

\ 15 mL/min/1.73 m2, n (%) 14 (0.8) 5 (0.3) 1 (0.1) 4 (0.3) 3 (0.2)

Unknown, n (%) 53 (2.9) 116 (6.8) 154 (9.5) 163 (10.8) 158 (10.9)

Retinopathy present, n (%) 137 (7.6) 121 (7.1) 120 (7.4) 116 (7.7) 116 (8.0)

CKD chronic kidney disease, N/A not applicable

Fig. 4 Proportions of patients with available screening
data for CKD and retinopathy. n denotes the total number
of patients, except for consultation by ophthalmologist (for

which n denotes the number of patients for whom
microvascular complications were investigated)
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3.1 (IQR 0.8–7.2) years, which is shorter than
that of previous large-scale diabetes clinical
studies that enrolled patients treated by dia-
betes specialists in Japan: 11 years in the Japan
Diabetes Complications Study (JDCS) [16],
10.8 years in the Japan Diabetes Complication
and its Prevention prospective (JDCP) study [17]
and 8.5 years in the Japan Diabetes Outcome
Intervention Trial 3 (J-DOIT3) [18]. Addition-
ally, J-DISCOVER reported not only the pro-
portion of patients who achieved an HbA1c
target of \ 7.0% but also the proportion who
achieved individualized HbA1c goals, together
with control of BMI, blood pressure and lipids.

Compared with the global DISCOVER pop-
ulation, patients in J-DISCOVER were older
(61.6 vs 57.7 years), had a shorter disease dura-
tion (3.1 vs 4.1 years) and had a lower mean
HbA1c level (7.7% vs 8.3%) at baseline [19]. The
frequency of use of non-biguanide DPP4i as
first-line treatment was much higher in Japan
(53.8%) than in the global DISCOVER popula-
tion (9.5%; Supplemental Table S2), which
could be because the JDS guidelines do not
specifically recommend any class of medica-
tions including biguanides as first-line treat-
ment [19]. Conversely, use of metformin as first-
line treatment was less common in Japan com-
pared with global data (21.4% vs 58.5%) [19].

Three large-scale clinical studies—Action to
Control Cardiovascular Risk in Diabetes
(ACCORD), Action in Diabetes and Vascular
Disease: Preterax and Diamicron Modified
Release Controlled Evaluation (ADVANCE) and
Veterans Affairs Diabetes Trial (VADT)—have
aimed to demonstrate the effect of strict blood
glucose control (HbA1c 6.0–6.5%) on
macrovascular outcomes [3, 20, 21]. However,
intensive therapy did not result in a significant
reduction in macrovascular outcomes and
mortality unexpectedly increased in the
ACCORD study [20]. It was suggested that the
increased mortality was associated with an
increase in iatrogenic unaware hypoglycaemia
in the intensive therapy group, and results from
the study are now reflected in guidelines; rec-
ommendations are to set individualized HbA1c
targets according to treatment risks and patient
characteristics. In J-DISCOVER, individualized
targets for HbA1c were frequently set at\7.0%

at baseline, with an average value of 6.7%.
Individualized HbA1c targets of C 7.0% were
documented more frequently in patients initi-
ating second-line SUs and insulin compared
with other drugs, which may either be a result
of higher mean HbA1c values at baseline or
concerns over hypoglycaemic events. At
36 months, 30.3% of patients achieved indi-
vidualized HbA1c targets, while 53.3% of
patients achieved an HbA1c value of\ 7.0%. As
described previously [22], this may be explained
by the fact that patients in J-DISCOVER had a
relatively shorter T2DM duration than patients
in previous observational studies, and that
physicians might have set more stringent tar-
gets for these patients. Moreover, the introduc-
tion of new drug classes after 2009, such as
DPP4is and SGLT2is, which are less likely to
cause hypoglycaemia, may have contributed to
physicians setting strict individualized HbA1c
targets. This is supported by the fact that,
although the achievement rate of \ 7.0% at
36 months was relatively low for SUs and glin-
ide, the achievement rates of individualized
targets were similar to those of other drugs,
implying that higher individualized targets
were set for these patients. The frequency of
hypoglycaemic events in this study was lower
than that in the global DISCOVER study, even
with the stringent individualized HbA1c targets
[23]. This may suggest that physicians in Japan
are managing hypoglycaemic risk relatively well
by choosing glucose-lowering agents that are
appropriate for each patient’s condition, and
that patients are relatively well educated on
how to take antidiabetes agents.

For the management of microvascular com-
plications of diabetes, the JDS guidelines rec-
ommend the measurement of albuminuria once
every 3–6 months, and consultation with an
ophthalmologist once every 6–12 months for
patients without retinopathy [8]. Using a
national database, Sugiyama et al. reported that
although 96.7% of patients underwent HbA1c
or glycated albumin examination in 2015–2016,
only 46.5% underwent retinopathic examina-
tions and only 19.4% underwent urinary
quantitative albumin or protein examination
[24]. A similar result was also reported in a study
by Tanaka et al., in which 38.7% of patients

Diabetes Ther (2022) 13:251–264 259



with diabetes underwent retinopathy screening
and 24.2% underwent urine protein or urine
albumin excretion tests [25]. In J-DISCOVER,
UACR was measured in 14.5–16.0% of patients
and ophthalmologist consultation was con-
ducted in 17.0–21.0% of patients; these rates are
lower than rates reported in the previous studies
[24, 25] and did not increase considerably dur-
ing the follow-up period. This may be because
of incomplete data collection or input by
physicians in J-DISCOVER, especially with
respect to ophthalmologist consultation, which
occurs at a different department or institution.
Even with this potential limitation, J-DIS-
COVER data indicate that there is room for
improvement with respect to the frequency of
screening for CKD and retinopathy
complications.

Birkeland et al. reported that CKD and/or
heart failure is most frequently the first disease
manifestation in patients with T2DM without a
history of cardiovascular or renal disease, using
a large number of multinational healthcare
records, including those from Japan [26]. In
J-DISCOVER, patients had a relatively short
duration of disease, with a median time since
diabetes diagnosis of 3.1 years at baseline, and
the prevalence of CKD increased over the fol-
low-up period from 14.0% at baseline to 21.5%
at 36 months. The results of these studies indi-
cate that comprehensive management, includ-
ing appropriate screening for CKD, should be
considered even in the early stages of T2DM. It
is well known that improving control of blood
glucose alone cannot lead to meaningful
reductions in macrovascular outcomes [3–6].
Improving macrovascular outcomes in patients
with T2DM requires a multifactorial treatment
approach, as demonstrated in the Steno-2 study
[27, 28]. In the study, a regimen of behavioural
modification and pharmacotherapy for HbA1c,
total cholesterol, triglycerides and blood pres-
sure was found to reduce the risk of cardiovas-
cular complications and death (cardiovascular-
related and all-cause) compared with less strin-
gent treatment targets [27, 28]. A similar effect
was demonstrated in the J-DOIT3 study, an
open-label, randomized trial that enrolled
Japanese patients with T2DM who were treated
by diabetologists between 2006 and 2009 [18].

The mean duration of T2DM was longer
(8.5 years), and HbA1c, SBP, DBP and LDL val-
ues at baseline were also higher (HbA1c 8.0%,
SBP/DBP 134/80 mmHg, LDL 126 mg/dL) than
those of patients in J-DISCOVER. In J-DOIT3,
conventional treatment targets for hypergly-
caemia, hypertension and lipid profiles based
on JDS guidelines [3] were compared with more
stringent targets; HbA1c\ 6.2%, SBP/DBP\
120/75 mmHg, LDL cholesterol\80 mg/dL
(\70 mg/dL if coronary artery disease is pre-
sent), BMI B 22 kg/m2 and triglyc-
erides\ 120 mg/dL [18]. Although the primary
cardiovascular endpoint (a composite of
myocardial infarction, stroke and cardiovascu-
lar interventions) was not significantly reduced
in incidence, the risk of cerebrovascular events
was significantly lower in the intensive therapy
group than in the conventional therapy group.
Moreover, the risk of onset or progression of
nephropathy and retinopathy was significantly
reduced in the intensive therapy group com-
pared with the conventional therapy group
[18]. Rates of target achievement with respect to
SBP, DBP and LDL cholesterol in the J-DOIT3
conventional arm after a median follow-up of
8 years were similar to those seen in J-DIS-
COVER, with most gains observed in the first
year of intervention and maintained at
approximately the same level throughout the
study period [18]. Given the lower risk of com-
plication events in the J-DOIT3 trial for the
intensive treatment group compared with the
conventional treatment group, more intensive
multifactorial intervention strategies could be
applied, even in patients with early-stage T2DM
like those in the J-DISCOVER study, to prevent
macrovascular complications.

The management of T2DM has been pro-
gressing with the accumulation of evidence on
comprehensive strategies to reduce the burden
of comorbidities, and with the availability of
newer hypoglycaemic agents offering more
treatment options to healthcare professionals
and patients. Guidelines provide up-to-date
management recommendations and algo-
rithms; however, their implementation could
be challenging in real-world practice. A study to
capture data on diabetes daily clinical practice,
like J-DISCOVER, is useful to identify treatment
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gaps and potential hurdles in the implementa-
tion of guidelines, and to ultimately increase
the quality of disease management and patient
care.

Limitations of this study include the rela-
tively short duration of follow-up and smaller
sample size compared with other observational
studies of T2DM treatment conducted in Japan.
In addition, the study relied on data collection
and input by physicians and availability of data
was lower for some variables (e.g. lipid profiles),
which may result in information bias.

CONCLUSIONS

J-DISCOVER provides 3 years of real-world
treatment data from patients with early-stage
T2DM who initiated second-line treatment.
Contemporary clinical management of T2DM
has improved glycaemic control with an
acceptable risk of hypoglycaemic events; how-
ever, there remains room for improvement
towards sufficient implementation of guideline-
recommended treatment.
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